RSG'd PCT/PTO 18 FEB 2005 




(19) Worid'lnreU&^'Properiy; U 

Organization 
International Bureau 

(43) Internationa] Publication Date 
4 March 2004 (04.03.2004) 




(10) International Publication Number 

PCT WO 2004/018590 Al 



(51) International Patent Classification 7 : C09K 11/78, 
U/67, 11/68, 11/69, 11/82 

(21) International Application Number: 

PCT/GB2003/003649 

(22) International Filing Date: 20 August 2003 (20.08.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
0219409.0 



20 August 2002 (20.08.2002) GB 



(71) Applicant (for all designated States except US): OXON- 
ICA LIMITED [GB/GB]; Unit 7, Begbroke Science & 
Business Park, Sandy Lane, Yarnton, Kidlington, Oxford- 
shire OX5 IPF(GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): GREEN, Mark 
[GB/GB]; c/o Oxonica Limited, Unit 7, Begbroke Science 
& Business Park, Sandy Lane, Yarnton, Kidlington, Oxford 
OX5 1PF (GB). WAKEFIELD, Gareth [GB/GB]; c/o 
Oxonica Limited, Unit 7, Begbroke Science & Business 
Park, Sandy Lane, Yarnton, Kidlington, Oxford OX5 1PF 
(GB). 



(74) Agents: ELLIS-JONES, Patrick, George, Armine et al.; 
J. A. Kemp & Co., 14 South Square, Gray's Inn, London 
WC1R5JJ (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE T DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): AR1PO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



o 



(54) Title: LUMINESCENT COMPOUNDS 

(57) Abstract: A luminescent particle is described having the formula: M 2 [M l (POM)] wherein: M 2 is a cation, M 1 is an ion of a 
metal capable of providing a luminescent centre or a mixture of two or more thereof, and POM is a polyoxometallate, polythiomet- 
allate or polyoxothiometallate of at least one metal of group VA or VIA of the Periodic Table and, optionally, a hetero atom, X, the 
amounts of X, M l , M 2 and POM being such as to provide overall neutrality. 



UEST AVAILABLE COPY 



WO 2004/018: 



• 




10/52497 

DT^bc'dPCT/PTO 18 FEB 

PCT/GB2003/003649 



5 This invention relates to Jumin 

-uritv^, l0,08,0a,diag °°*^o rinluminesceM 
Most conventional phosnhnr mo+ •, 

- abaosbed by ^ mo]c T° 8 ^ wavdengths 

• *- and wteh ^ nevertheless, be £1Z T *" — — ' 

t—r 300 to 400 M „ , T 8 "* '~ -. Son, 

^incotponttedfa, WcaIIy siIicas T h^U.., 

- «h detnen* S n ch . europium , ^ ' T ^ ^ * 

visible, asequenehed ta wa^vTaT gm * e ^^^gin 

pmpose. ownmatenals cannot be used forthis 

~ t^^^^J* ' been fou^d tba, i, „ 
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P^Tr Smera,lymi0n<>fh,droge,10rame,a,0f ^ IA or2A of the 
Penom Table or an opfionafiy —to*, ammonium ion, or a mixnrre of two or 
more said ions, uor 

■ * isaa ion of ameW capable of providmg a lummescen, cenhe or of ^ 

5 or more thereof, and 1 wo 

POM is apo^oxomehdlate, apo^omefcbateor apo.yoKymiometaUa* (opfi onaUy 
Mvmg a haero «om X as explained below) of a, leas, one mead of group VA J 
VZA of - Periodic Table, to amounts of X, M', M» and POM ■ 
provide overall neutrality. 
10 Where a particle contains more ton one such compound, ton to different 

cn m ^torcofn,a y di ff er i nan y oneorn.orcoftoM=,M l ,POMorXto t to y ' 
contam. Tbe particles t*=y consist prinnuflyofo.e*,^^ 

preferably insist substonauy entirely of (say at leas, 95% by weigh, of) to 

c« define* above. However, wbere otor .nateriais ate p^tose otor 
n^s ntay con,p„ ses one ornore ofterphosphors ^ 

may be mtxed with or otorwiseused in conjunction with panicles of other 

Phosphors. TMsca.tesultinacontbinafionof.say.g.eenandredennssions ' 
Meads of group Vend VI of the Periodic Table, (see Chemisny of to 

o !r*^^ 4E ^- PTOi984) -»^-^»iobiu m , 

totaium, molybdenum and tungsten, are able to form, in their highest oxidabon 
t^n^oxyg^sulphurciusfcr ions known as polyoxo/tmomeMafcs and are 
cofiechvelyrefc.cd^hereinforcnvenienceas-POM.. The invenfion wffl be 
tocusssd principally in tetI ns of oxo embodiments but it is to be understood that to 
---atadeappiyalsototothioandndxedcrnboditnen^. Then^ori^of 

■ ~-=»^^u^ tol na i fionn^aspo 1 ybed ro nsandn M yb. 
vtewed aa arrangements of edge and vertex sharing MO, o«ahedra md have one or 
two tannma, oxygen ions a!tough otor polyhedral shuctures can be fanned A, 
present we prefer POM snares tha, are symmetrical It is bebeved to, tose POM 

ot;zr^" ch ~^^^-^— 

of to emrtnng ,on and which effectively protec* europium or otor .antonides fiom 
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water such thai the compounds are not quenched by water. 

M 2 can generally be any cation which does not interfere with the 
luminescence of the particle. Therefore it should not be an M> metal and generally 
not a transition metal. It is typically.an ion of hydrogen or group IA or HA of the 
5 Periodic Table or an optionally substituted ammonium ion. Typically M 2 is 
potassium or sodium or NH, However, the ammonium ion may be substituted by 
for example, aliphatic or aromatic groups, typically alley] groups of 1 to 6 carbon ' 
atoms such as methyl, ethyl, propyl or butyl and phenyl. All four hydrogen atoms 
can be replaced by substituents or 1, 2 or 3 hydrogen atoms can remain A typical 
10 organic counterion is tetrabutyl ammonium. M 2 does not play an active role in the 
luminescence and acts as a counterion for the remainder of the molecule. 

As indicated, M' is a metal capable of providing a luminescent centre and is 
typically a lanthanide although other metals including transition metals such as 
chromium, titanium and manganese can also be used. Typical ions include Eu 3 * 
15 Tb- Dy». Tm-, Er-, Cr~, <*» ft* Sm*. Nd", Ho- Yb*, Ti", Mn* and Mn* 
Preferred ions include En*, TV* and Dy*. In this connection it should be pointed 
out that, europium, in particular, has in the past been incorporated in POMs but this 
has been for the purpose of examining crystal structure. In other words there has 
been no suggestion that the compounds could be used in biotagging or other such ■ 
20 applications. 

POM is a polyoxo/thiometallate of a group V or group VI metal, in particular 
vanadium, niobium, tantalum, molybdenum and tungsten, the last two being 
particularly preferred. 

As indicated above, the crystal structure of the POM is particularly important 
25 in providing a "shield" for the luminescent centre which is incorporated in it In 

addition, in order to maintain a high quantum efficiency, energy transfer from charge 
transfer state to the optically active centre must be efficient This is believed to be 
governed by the de-localisation of the electron wave function over the POM structure 
and thxs » in turn governed by the M-O-M or M-S-M bond angles. It has been found 
30 that this structure can be modified by incorporation of a "heteroelement" X in the 
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POM, where X is for example a transition nw^i 

r« r~ a o x a transition metal or an element such as B Al <5i p c 

C3a,Ge 3 As,Se J In ) Sb,Te J I,Pb 0r Bi. The use of Si or ai • • ,A1 ' Sl ' P ' S ' 

govern eimer luminescence or emission. ed ^ X does not m It self 

10 ^^^^^^ofpolyoxomometaU^sfhatthe,, 

formed from more than one metal Typicallv M " ^ 
niolybdenumandtungsten. Alsl T * M ^ example of 
thesW, ^ gSten - AISO ^ number of oxygen atoms which are included in 

the structure frequently exceeds 10 and is typicallv 1 5 tn ™ * " 
A/f r» typically 1 5 to 50. Examples incluriV 

M 10 O 36 , HO. and M n 0 39 ; of course the number of oxyeen atn f 
15 andX umoer or oxygen atoms is affected by M 1 

Itka ^^-ingfeatureofmep rese ntinven ti on^ 
as well as in the dry state l„„ , . maintained ,n aqueous solution 

y 5% » more Preferably at least 9n«/ 

20 least 35%.. oiy ai least 2 0/o and especially at 

/ mco, typically to a temperature of 80° to 90°r ,, . 

• — -^.-m::- 
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example chloride, which is preferred, or mW> tu- 

&solv K on stir,™ n^,,, , Somebmesthe precipe 

• Itis also possible to form oxo/thiometaUateby a solids • 

compound by reaction with the complex lanth* v, 
10 A/f . e complex lanthamde at neutral or basic P H 

together by dosed fcops of -O-M-O M O r 7 ™ W4 

15 ratio of the reactants. In general it i, «. • , temperature and the 

general* be addbd befoLall IT ' *- 
structure of the final product ^ * nd W 

ox^ei te0 Mrc:i"™ com ^ esdissoivin8asai,o '» 

The particles obtained by the process typically possess a » ar H , • 
exceeding 20 undesirably not exceeding in Parncle S12e not 

8 ^- These S12 es are dxameters and they assume the 
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and when ,hey are act spherical .be size is ,„ K . u «*»<»*«Uy spherical; 

1U As indicated, the particles of a* „' «>aang. 

purpose, ». phosphors „ ^ a fomu]aao 7_ *" 

Although it is believed that th* i " 

"biolo^csT molecule can be amrched/ ^ „. ^ £ ~* 
. - organic acid or Lewis base so *. .he ^ of ^ J^** * « »» 
-^---^au^dcaocea^^r:^- 

« can achieve .his include phosphines, phosphine o*i J "f 
acids, phosphates, sulfonic acida J • * ^mea. carboxylic 

™cac i da,_zitr:r pw ^^^ 
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with a similar chain length to monodentate) or multi dentate (polymer/dendrimers 
. wxth pendant side groups such as phosphines, phosphine oxides, thiols, amines 

carboxylic acids, phosphates, sulfonic acids, sulfinic acids, phosphoric acids ' 

Phosphinic acids and mixtures). Thehgand can also be polymeric Le. apolymer 
5 possessing the desired groups. Typically, therefore, copolymers can be used derived 

from, for example, a vinyl cazboxylic acidsuch as acrylic acid and a vinyl monomer 
possessing a group capable of binding to the particles such as vinyl phosphonic acid. 
For some purposes organic and/or polymeric coatings as well as polyelectrolyte 
coatings can be provided. . 
10 The following Examples further illustrate the present invention. 

Examplft 1 



15 



N^ODyWjoO*) 

0.025M NaWO, are dissolved in deionised water, the pH being >8 The pH 
is adjusted to 6.5-7.5 with glacial acetic acid at T> 80°C (typically 85-90°C) To this 
is added 0.0035M DyCI 3 under vigorous stirring. A precipitation occurs, which 
substantially disappears with continued stirring at T>80°C. The remaining 
precipitated material is removed by filtration. The resulting material is filtered once 
20 again and the solution is placed at T>5'C whereupon crystallisation occurs: These 
crystals are washed with ethanol and recrystallised from hot water. The crystals are 
then dried in air at room temperature. 

This preparation may also be undertaken with Sm instead of Dy to get an 
orange emitter. 

25 Decay time of emission measured in solid form was of the order of 1 8 ms 

By comparison, when the article was dissolved in water, the decay time was about 
2.0 ms. This shows that decay, time is similar whether the material is in solid form or 



in water. 



Example 2 
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Q^)Tb{Al(OS)Mo 6 0 18 J .xH 2 6 

(NH.) 3 [Al (OH) 6Mo 6 0,J .xH 2 0 was prepared by mixino. sodium mo, M 

foUowedbyre^.^30^. _ « ^ 

wmchw^isolatedbyffitmtio, The solid was then dissolved in hot Z^'eft t 

-^-de^cew 0.01M ^ ^ ^ 

m hot deionised water. To this is ~. • , 03 

i o uns is added an equunolar amount of TbCl, with 



Example 3 

Na 13 (Eu(SiMoW 10 O 39 ) 2 J 

^ ium estate dihydrate (3g, 9.09xl^M), sodium metasiHcate (0 19 e 

Nad and heated in water bath (80-90°C) until dissolved. To this was added a 

rrr t %hci ^ imi H2 ° 

fonned.butre-^solveduponmixinginthewaterbath. A slight cloudiness 
persisted, but this was not removed bv filtration t«*.- , • 
on <ir ^ ^ , « ^tranon To this solution was added EuNO 

^prec^™ rcm . vedbycrafiiiilga . oii * 

_ mte 340^ exci^oo and e^, as two peaks ta tte ^ at 592tm ffid 
sho M h F igure 2 . ^ fom of fe ^ fc - - 

^5 lummescenL ^ 
The mean particle size was about 1 .5 nm. • 
Comparison of the quantum efficiency of the solid form of (1) with a 

efficiency ofthematerial is 3 3 o/ 0 . This is shown in Figure 1. 



30 
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CLAIMS 



1.- 



A luminescent particle comprising one or more compounds of the 
formula: 



JVPfM^OM)] 



wherein: 



M> is a cation, M' is an ion of a metal capable of providing a huninescent centre or a 
1 0 mixture of two or more thereof, and 

POM is a polyoxometallate, a polythiometallate or a polyoxythiometallate of at least 
one metal of group VA or VIA of the Periodic Table and, optionally, a hetero atom 
X, the amounts of X, M», M 2 and POM being such as to provide overall neutrality. 

2. A particle according to claim 1 wherein M 1 is Eu* Tb* Df + Tm 3 * 
15 E^C^Ce^Pr^.Sm^.Nd^Ho^.YbMi^orMn^. ' 

3. A particle according to claim 2 wherein M 1 is Dy* , Eu 3+ or Tb 3 *. 

4. A particle according to any one of the preceding claims wherein M is 
vanadium, niobium, tantalum, molybdenum or tungsten. 

5. A particle according to claim 4 wherein M is molybdenum or 
20 tungsten. 

6. A particle according to any one of the preceding claims wherein POM 
contains a heteroelement X. 

7. A particle according to claim 6 wherein X is a transition metal or B 
Al, Si, P, S, Ga, Ge, As, Se, In, Sb, Te, I, Pb or Bi. 

25 8 - A particle according to claim 7 wherein X is Si or Al. 

9. A particle according to any one of the preceding claims in which the 
polyoxymetallate comprises M0 6 octahedra. 

10. A particle according to any one of the preceding claims wherein M 
represents more than one metal. 

30 1 1. A particle according to any one of the preceding claims wherein the 
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compound contains at least 15 oxygen atoms. 

12. Ap^« a ^ to ^^ rf ^ pre ^ cto 
quantum efficiency that is at least 1 % . 

5 leastso/!. 3 ' A ^ m * B *»<*** 12 wherein the quantum efficiency is at 

14 A particle according to any one of the preceding claims wherein M 2 is 
an Km of hydrogen or a metal of group 1 A or 2A of the Periodic Table or an 
optionally substituted ammonium ion, or a mixture of two or more said ions ' 

,0 h T / p ^ clea ~ or ^ gtoci ^ 

10 opuonaUy substituted ammonium. 

. 16. A particle according to claim 15 wherein M 2 is sodium or ammonium 

17. A parucle according to any one of the preceding claims which has a 
diameter not exceeding 20 nm. 

18. A particle according to claim 1 7 which has a diameter not exceeding 5 

19. A particle according to any one of the preceding claims which 
possesses a coating rendering the particle suitable for biotagging application . 

20. A particle according to claim 19 wherein the coating is of silica. 

21. A particle according to claim 1 substantially hereinbefore described 

22. A process for preparing a particle as claimed in any one of the 
preceding claims which comprises dissolving a water soluble salt of an 
oxo/thio^ 

salt of M 2 m water, adding acid, and then adding a water soluble salt of M' and 
recovering the resulting product 
25 23. A process according to claim 22 wherein the salts are all of M 2 

24. A process according to claim 22 or 23 wherein the acid is acetic acid 
or hydrochloric acid. 

25. A process according to any one of claims 22 to 24 wherein the 
mixture is heated before the acid is added. 

30 26. A process according to any one of claims 22 to 25 wherein a water 



15 nm. 
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soluble salt of an oxo/tfaip anion of X is added with the water soluble salt of the 
oxo/thiometaUate of M. 

27. A process according to claim 22 substantially as described in any one 
of the Examples. 

28. A particle as claimed in any of claims 1 to 21 for use in biotagghig, 
drug discovery/development, electroluminescent displays, magnetic centres of 
coatings, security marking^abelling/identification, drug delivery, non-destructive 
testing or in agricultural products. 
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FIGURE 1 
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